Local cosine/sine basis is a localized version of cosine/sine basis with a smooth window function. It has orthogonality and good time and frequency localization properties. Adaptive local cosine/sine basis is a best-basis based on a cost-functional obtained from an overabundant library of cosine/sine packets. In this paper, we apply the 2-D semiadaptive (time-adaptive or space-adaptive) local cosine transform (2-D semi-ALCT) to the SEG-EAGE salt model synthetic data set for compression. Nearly all the important features of the data set can be kept very well even in the case of the high Compression Ratio (CR=40:1). Using the reconstructed data from the highly compressed ALCT coe cients (CR=40:1) for migration, we can still obtain a high quality image including subsalt structures. We also nd that the window partition, generated by the 2-D semi-ALCT, is adapted to the characteristics of seismic data sets.
Introduction
For seismic data compression, the question is how to select suitable bases to e ciently represent seismic signals, and therefore to achieve maximally possible compression while still preserving useful information. This problem has attracted considerable attention (Donoho, Ergas and Villasenor, 1995; Vassiliou and Wickerhauser, 1997; Wang, Wu and Jin, 1998; etc.) , and much progress has been made in the past few years. For example, Vassiliou and Wickerhauser (1997) used biorthogonal wavelets as the expansion bases for the compression of Egypt and Trinidad data sets. In SEG'97 annual meeting, Vassiliou, et al., reported their newest results using uniform local cosine transform (ULCT) and concluded that the uniform local cosine basis is better than the (9, 7) biorthorgonal wavelet basis used by the FBI for ngerprint compression. From the above-mentioned research results, we see that, compression e ectiveness varies for di erent expansion bases. Local cosine/sine bases are orthogonal bases with good localization in both time/space and frequency/wavenumber domains. The transform can produce a exible time/space segmentation to match the signal characteristics. In this paper, we investigated the 2-D semi-ALCT (here, either adaptive in time direction and uniform in space direction, referred to as 2-D time-ALCT, or adaptive in space direction and uniform in time direction, referred to as 2-D space-ALCT) applied to seismic data compression with the SEG-EAGE salt model synthetic data set as a test example. For ALCT, there exists a fast algorithm of implementation.
Adapted local cosine/sine transform Brief description of local cosine/sine basis Local cosine/sine bases constructed by Coifman and Meyer (1991) consist of cosines/sines multiplied by smooth, compactly supported bell functions. These localized cosine/sine functions remain orthogonal and have a small Heisenberg product. The local cosine/sine transform has much in common with the windowed or short time Fourier Transform ( WFT or STFT). However, for the latter, the Balian-Low obstruction prevents the windowed exponential bases from simultaneously being a frame and having nite Heisenberg product. Local cosine/sine wavelets , on the other hand, overcame this limitation. The basis element can be characterized by position , interval I, and frequency/wavenumber index k as follows (1)/(2) can also form an orthonormal basis, it is called level 2; ; and so on. Thus, a binary-based decomposition tree consists of an overabundant library of cosine/sine packets and we can pick up the \best-basis" based on a costfunctional.
To search for local cosine/sine best-basis, a costfunctional is de ned to evaluate the entropy of the decomposed signal. There are several kinds of cost-functionals appearing in the literature (e.g., Misiti, Misiti, Oppenheim and Poggi, 1996) . Usually, we use the so-called Shannon entropy as the cost-functional. In implementation, we use the Coifman-Wickerhauser (1992) fast algorithm to search the \best-basis". The main idea of this algorithm is that the full local cosine/sine tree is pruned recursively at each node by comparing its entropy to the summation of the entropies of its corresponding child nodes. In the beginning, a full binary-based decomposition tree with a preset maximum decomposition level is produced. Then, the pruning procedure starts from the leaf nodes and proceeds toward the root. At the end of this procedure, an optimally pruned tree is obtained for the given signal, i.e., an adaptive local cosine/sine basis is obtained.
Data compression and imaging using compressed data
In this section, we will test the performances of our compression schemes (2-D time-ALCT and 2-D space-ALCT). We will also test the e ects of seismic data compression on the image quality, such as obtained by depth migration.
As a demonstration, Fig. 1 shows the window partition generated by the 2-D space-ALCT for the SEG-EAGE data set. In this example, the uniform time-window size is preset to 32 samples and the minimum space-window length is chosen as 32 samples. From Fig. 1 , we can see that, the adaptive grids show the nominal support of the windows of a best local cosine basis and the adaptive grids match the SEG-EAGE seismic data very well. Figure 1: Window partition, generated by the 2-D space-ALCT, for the SEG-EAGE data set. The uniform time-window size is 32 samples, and the minimum space-window width is 32 samples. The Shannon entropy is selected as the cost-functional. Fig. 2(a) gives the synthetic zero-o set data from the SEG-EAGE salt model using a nitedi erence exploding re ector modeling algorithm, generated at AMOCO. This is a very complicated model with large velocity contrast (salt velocity is as high as 3 times that of the surrounding media). Fig. 2(b) shows the data reconstructed from the thresholded ALCT coe cients with compression ratio 40:1. The residual data between Fig. 2(a) and Fig. 2(b) (ampli ed by a factor of 10) is shown in Fig. 2(c) . From Fig. 2 , we can see that almost all the important features of the original synthetic data have been preserved very well.
For the results of Fig. 2 , we implemented 2-D time-ALCT to the SEG-EAGE salt data set. In detail, Shannon entropy is selected as the costfunctional, and the maximum decomposition level in time direction is 6, and the uniform window width in space direction is 16 samples, i.e., the size of the minimum (time, space) window is (16, 16) (original seismic data is extended to 1024 in time and 2048 in space by zero-padding), and the overlapping radius in time or space direction is one half of the minimum or uniform window size, and the xed folding style is used. Also the automatic gain control (AGC) technology is employed to preserve low amplitude seismic signals before performing ALCT. Fig. 3 shows the migration image comparison of using the original data and the reconstructed data after compression to investigate the in uence of data compression on migration. Here, the employed imaging method is the hybrid pseudoscreen migration (Jin, Wu and Peng, 1998) . Fig.  3(a) is from the migration on the original synthetic data (Fig. 2a) , and Fig. 3(b) is from the migration on the reconstructed data with CR=40:1 (Fig. 2b) . Fig. 3(c) is the corresponding residual image after 10 times ampli cation. From Fig. 3 , we see that a very good image including subsalt structures can still be obtained even in the high compression ratio (CR=40:1) case.
Conclusions
In this paper, we apply the 2-D semi-adaptive local cosine transform to the SEG-EAGE salt data compression. From the numerical results, it is found that almost all the important features of the original data set can be preserved very well even in the case of the high compression ratio (CR=40:1). Furthermore, even using the highly compressed data (CR=40:1) for imaging, we can still obtain high quality seismic images including the subsalt structures. We also nd that the window partition, generated by the 2-D semi-ALCT, is adapted to the characteristics of the seismic data set.
